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Aims
Our goal was to determine important factors associated with RPD usage in workers with respiratory disease exposed to airborne hazards at work.
Methods
One hundred and twenty-nine respiratory clinic patients in jobs with self-identified hazardous airborne substances completed a questionnaire and their clinic files were reviewed. Statistical analysis using chisquared test and binary logistical regression was done to identify associations with RPD usage.
Introduction
Workplace exposures to hazardous airborne substances have been linked to numerous respiratory diseases, such as asthma, chronic obstructive pulmonary disease (COPD), hypersensitivity pneumonitis, bronchitis and lung cancer [1, 2] . Roughly 16% of adult-onset asthma may be due to occupational exposures [3] . Where elimination of the hazard, substitution with less hazardous alternatives or enclosure of the process is not possible, the risk of developing an occupational respiratory disease can often be greatly reduced by employing engineering controls such as extraction ventilation systems. However, such controls are not always available or instituted in workplaces and the use of respiratory protective devices (RPDs) is in practice a widely used additional means of protection from such exposures [4] [5] [6] [7] . Unfortunately past studies focusing specifically on health care [8] , farming [9, 10] , waste collection [11, 12] and construction [13] industries have found that compliance rates, defined as the proportion of workers who always wear an RPD when an airborne hazard is present, are troublingly low, in some cases only 20% [9] to 40% [13] . While it is well known that non-compliance is a major problem, the specific reasons remain unclear.
Several important factors influencing compliance have previously been identified with varying strength of evidence. Low compliance rates have been associated with RPD discomfort [11, 12, [14] [15] [16] , lack of awareness of safety precautions [13] , perceived job hindrance from RPD use [11, 14, [16] [17] [18] [19] [20] [21] [22] , being self-employed [23] and having symptoms of poor health [11] . Increased compliance rates have been associated with receiving reminders of safety protocols [24] , high RPD availability within the workplace [14, 22, 25] , co-worker compliance and positive social norms [14] , adequate training [11] [12] [13] , concerns about the risks of workplace exposures and availability of fit testing [11, 12] .
The primary model used for explaining compliance with safety protocols is based on the 'PRECEDE' model, initially proposed by Green [26] , which suggests that compliance is determined by three sets of factors, namely 'predisposing factors' (age, sex and personality type), 'enabling factors' (availability of safety training) and 'reinforcing factors' (a positive 'safety climate', establishing social norms and giving reminders/encouragement). Each set of factors presumably influences the choice to wear an RPD when a hazard is present, but the relative importance of each category and of the factors within these categories is fairly unclear.
The purpose of this study was therefore to identify associations between compliance rates and both workplace and individual factors in the hope of providing information to assist in developing strategic interventions to increase compliance and consequently protect the health of workers.
Methods
Ethics approval was obtained from the research ethics boards of University Health Network and St Michael's Hospital, Toronto. Surveys were then conducted in general respiratory clinics of Toronto Western Hospital and St Michael's Hospital, two university-associated hospitals in Toronto, Canada, during the summer of 2008 and 2009. Participants had to be working, either currently or within the past year, and to have self-reported occupational exposure to harmful airborne substances (specifically, 'Do you encounter dust, smoke, chemicals, bacteria/viruses or other hazardous materials in the air at your workplace?') to be enrolled in the study. In all, 129 patients satisfied the inclusion criteria and gave written consent to complete the questionnaire and have their clinic file reviewed. Three patients met the inclusion criteria but did not consent to participate: reasons for nonparticipation included language barriers and lack of time.
Consenting participants completed a questionnaire (Appendix 1, available as Supplementary data at Occupational Medicine Online), comprising 43 questions inquiring about the characteristics of their workplace, their safety training, their RPD usage during the previous 12-month period, symptoms of their respiratory disease and demographic information, with a research assistant. A case record review was conducted to determine the diagnosis and severity of their respiratory disease (based on pulmonary function test and methacholine challenge test results) and medications taken.
For statistical analyses, enabling factors and reinforcing factors were put into one category, referred to as 'company factors', so that factors potentially influencing compliance were separated into two categories: company factors (factors controlled by the employer) and individual factors (factors outside of the employer's control).
An association analysis was conducted using Minitab software with the data set from completed surveys and case record reviews. Compliance was dichotomized into 'always' or 'not always' compliant categories. A chisquared test identified associations between the variables and the participants' declared RPD compliance. A multiple logistic regression controlling for age, gender and smoking status (pack years) was done with each of the individual variables identified as having an association with compliance (the relatively small sample size of participants limited the analysis to four variables). The odds ratios from this analysis were used to identify factors significantly associated with RPD compliance.
Results
Most participants were middle aged, with roughly equal numbers of men and women. Slightly less than half had no smoking history. Although English was the first language for only 74% of the participants, 90% spoke it at home and were formally educated in English, often to the high school or college level. Half the participants had been working at their job between 5 and 20 years, the median length being 11 years ( Table 1 ). The majority of participants had occupations within the manufacturing, service and health sectors (29, 25 , and 22%, respectively) ( Table 2) . A small number of participants worked in retail, construction, food or research industries. In terms of the participants' health, most had either been diagnosed with some form of asthma (childhood, Table 3 ), but our survey did not include questions on whether these claims were accepted. Overall, participants were most often exposed to dust, various unspecified chemicals, microorganisms and smoke (Table 2) . Certain industries were associated with specific types of exposures, for example paints and solvents in manufacturing and infectious agents in health care.
Only 41% of participants reported RPD usage at all times when exposed to airborne hazards while 33% reported never using RPD (Table 2) . Compliance rates increased by decade of age (P , 0.01 using chi-square test for trend), varied across industries and, for the three most common employment sectors, was better among health care workers (72%) than manufacturing (43%) and worst in the service industry (22%), P , 0.001 (Table 2) . Most participants (60%) used a double strap mask, of the N95 disposable dust/particulate type. The usage of other types of masks along with pictures that participants used to identify the type of mask used is shown in Table 5 .
The following additional individual factors were investigated for associations with increased or decreased RPD usage: gender, smoking status, primary language, level of formal education, job seniority, clinical diagnosis, symptoms, severity of respiratory disease, stated concern for health, belief that work exposures have harmed respiratory health and any respiratory claims to the Ontario WSIB. Besides age (P , 0.01), only respiratory symptoms had any statistically significant association with RPD usage (Table 6 ). Compliance was positively associated with age and negatively associated with symptoms of shortness of breath and of stuffy or runny nose. RPD usage was positively associated with safety training that was respirator specific but was not associated with training protocols using other written, video or in person instructions, hands-on activities, protocols that were mandatory or those that occurred during paid hours. Additionally, RPD usage was positively associated with co-worker RPD usage (especially when coworkers encouraged others to use RPDs), having conveniently located RPDs and having fit testing available in the workplace (Table 6 ). RPD usage was not associated with company size, unionization or the exact model of RPD required.
Discussion
The observation that only 41% of the participants used RPDs every time they encountered hazardous airborne substances (Table 4) demonstrates huge potential for improvement and is in accordance with other studies in working populations [9, 10, [11] [12] [13] . We are not aware of previous studies that have examined this among workers who attend respiratory clinics as patients. The association of lower compliance with younger age and in those reporting shortness of breath and stuffy/runny nose (Table 6) suggests that these workers may need more diligent monitoring to ensure their compliance for situations when respirator use is required at work.
Better compliance among the older participants could not be explained by greater job seniority, greater concern for health and/or belief that work exposure has damaged their health. Older workers may tend to have jobs where compliance is more easily obtained, i.e. where RPDs are required for short, infrequent or non-strenuous tasks. Alternatively, younger workers may be less compliant because they underestimate the occupational risks to their health and are thus more likely not to use RPD. However, these explanations were not directly addressed in this study.
The reasons for the negative association between compliance and symptoms of shortness of breath and stuffy or runny nose are unclear. RPDs do require greater respiratory effort, especially during exertion, in order to accommodate increased inspiratory resistance and dead space [27] , but most individuals with a mild respiratory disease are not subject to a significantly increased physiological burden from RPD use, relative to healthy individuals [28] . Possibly poor compliance with respirator use and greater exposure to respiratory hazards may have led to these symptoms. Nonetheless, these workers are most in need of respiratory protection, and obstacles to compliance must be overcome, by better education, hazard avoidance or by development of new RPDs that hinder breathing less if other means of protection from respiratory hazards are unavailable or impracticable.
'Company' factors appeared to be important determinants of compliance in this study and included co-worker compliance, conveniently located RPDs, safety training specifically discussing RPDs and access to fit testing. These should be easily addressed in occupational settings.
Fundamentally, training must change workers' behaviour by informing of risks, teaching how to minimize risks through the implementation of safety protocols and convincing workers that benefits of these protocols outweigh their drawbacks [29] ; goals best accomplished by respirator-specific training. We found a non-significant trend suggesting that training involving hands-on activities, such as practising placing and adjusting a RPD, may be more effective than simple written or video instructions. Participants used these pictures to identify the type of mask that they commonly wore. Percentage of participants using each type of RPD. Note that some participants used more than one type.
Such training should include worker fit testing, which was predictive of high compliance as in a previous report [12] . This may be due to the ability of fit testing to demonstrate clearly to the worker the protective ability of RPDs when worn properly. When respirators are required in the workplace (due to the inability to provide a safe exposure by other means), employers are obligated to institute a respiratory protection programme (of which fit testing is a requirement in North America).
Additional workplace factors can create a positive safety climate that facilitates compliance [30] . When RPDs were conveniently located, when there was encouragement and reminders to use them and when co-workers were compliant, rates of reported compliance improved. There may be a cause-and-effect relationship with coworker compliance, as co-workers form social norms that reinforce compliant or non-compliant behaviour, but this strong association may also result from participants and their co-workers receiving the same training and working within the same safety climate.
The large range of compliance rates across various industries (Table 2 ) probably reflects differences in the workplace environment as much as differences among participants. The industries with the highest compliance rates (manufacturing and health) often have safety protocols that clearly define and encourage the use of RPDs. In contrast, in the service industries, which had low compliance rates, RPD usage was less likely to be enforced due to poorly defined regulations. In service jobs, such as kitchen workers or hair stylists, RPD usage (to protect from smoke and aerosol hair sprays respectively) was reportedly discouraged because it gave customers a negative impression.
Given the potential influence that 'company' factors can have on workers, the onus of ensuring compliance among workers rests primarily with the employer by ensuring safety training is thorough and employs a participatory approach (illustrated by hands-on activities). However, while company factors had a large predictive value, the wide confidence intervals of the odds ratios relating company factors to compliance suggests that individual factors still play a role. That is to say, for a given company practice, for example fit testing, there may be an additional variable effect on compliance due to individual factors. Nevertheless, company factors were shown to have an overall positive effect on compliance. The results of this study may therefore aid companies in planning strategic interventions to increase RPD usage.
There were several limitations to the study. It only identified associations between compliance and various factors and did not establish causation. Only respiratory patients were surveyed, reducing the ability to generalize results. Workers with low compliance may have been over-represented if as a result they are more likely to develop a respiratory disease. Due to the limited sample Compliance rates refer to the number of individuals with a particular response to a specific question. For certain questions, there were less than 129 respondents as some did not know the answer, refused to answer or when the question was not applicable. The compliance rate refers to the subgroup of individuals shown in brackets (n5#) next to the corresponding response. For example, of the 43 participants who responded that their coworkers always wore an RPD when necessary, 88% were compliant. All associations were statistically significant (P , 0.05) (n 5 129). a Analyses were adjusted for age, gender and smoking history in pack years. Compliance was defined as using a RPD every time that it was necessary. size, it was not possible to perform extensive statistical testing for interactions between variables. In addition, there was no objective verification of the compliance rates that were reported by participants and compliance may have been over-reported due to social desirability bias. We had no objective measure of study subjects' exposure to airborne hazards and their need for respirator use. Compliance rates may have been underestimated by participants who exaggerated their exposure. Exaggeration of exposures may particularly occur in individuals with high sensitivity to normally innocuous levels of airborne hazards, often because of their respiratory illness. For such individuals, RPD usage (and other means of exposure control) might still be warranted, even in the absence of defined workplace requirements. Finally, our findings may not be generalized to other countries/areas outside Ontario with different cultures and jurisdictions.
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Key points
• Understanding factors associated with compliance with workplace respiratory protective device usage may facilitate interventions to improve compliance.
• The role of company factors was important in this study: positive associations were found with reported compliance of co-workers, conveniently located respiratory protective devices, safety training with respiratory protective devices, fit testing availability and age.
• Shortness of breath and nasal stuffiness were negatively associated with reported compliance with respiratory protective device use.
